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(54) CVD of silicon containing fflm using SKH6 

(57) A method of forming a thin film tor a semicon- 
Aictor dance which appBescfisBane (S^%) to chemical 
vapor deposition is capable of improving depoofon rate 
and step coverage of the Mn flbn although the Mhflrn 
is deposited at lower temperatures, thereby ■npro v m g 
productivity and refiabflfty of the semkxnductor devica 
In order to form various tNn «ms> Si^ and N^O. or 
SizHe and are applied tor an odde «m, SfeH> and 
NHatorandridefiraS^N^arrfr^fc^ 
oMe «n\ Sy-fe and PHs or TMOP for a PSQfftn. 
anc * SfeH* Qj, BgHs or TMOB, and PHtj or TMOP for a 
BPSQ fira Also, a system for the method according to 
the present invention is used among an a ftnosp h eric 
pressure chemical vapor deposition system, low pres- 
sure chemical vapor deposition system, and plasma 
chemical vapor deposition system 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

[0001] The present invention relates to a thm flm applied to a senton 

method of forming a thin flm for a semiconductor device, which applies disflane (SfeHg) to chenrvcai vapor deposition, 
capable of Hrnproving deposition rate and step coverage of the thin fim although the thin film is deposited at lew tenv 
io peratura 

2. Desertion of the fenventional Art 

[00021 Genera^ a fabrkatfcm 
is the thin fim. The thin «m which is provided to order to tabrfoate to 

film, dielectric f am, conductrve tarn, pianarized fim, and passivation fim. etc. according to requirements. Most common 
niateriatsfortte 

and tungsten siBckte (WxSry), for the insulation fim are slicon oxide (SOJ and phospho siicate glass (PSG), for the 
pianarized fftn are phospho silicate glass (PSG5 and borophospho sScate glass (BP SG). and sfflcon nitride is appied 
20 for the protection fim. 

IP0031 Among inethocte for deposm 
<tapositior^^ 

fan, material gas is irxfeced onto a substrate, and particles reacted on to 

face of the substrata The most common CVD equipments are atmospheric pressure chemfoat vapor deposition 
2S (APCVD) equipment, low pressure chemical vapor deposition (LPCVD) equjxnent. and plasma-enhanced chemicaJ 
vapor rJepos&ion (PECVD or plasrracteposftkxi) ecMpment ^ 

[DOM] First the APCVD applying the atmospheric pressure chemicaJ vapor deposition (AFC VD) equipment, which 
has been firstly developed^ 

ing porysfficon (SiKJ at atmospheric pressure, 760 torr. at tow temperature. The APCVD equfcment performs the 

tion possfciBy of particlee by gaseous reaction The APCVD, the most common CVD technique; is mainly appied to 
silicon Gride (SiOs). phospho siicate glass (PSG), borophospho silicate glass (BPSG). c< pc4ysiicc<i epflaxy exposi- 
tion. 

[00051 The low pressure cherry 

as a^cornparedtotteAPCTO 

mass proctoctrvdy, and requires high temperature. The LPCVD is appied to porysiicon, siicon oxide (SiOJ, oxide 
nitride (SiOxNy). phospho siicate glass (PSG), or borophospho siicate glass (BPSG) deposition. To improve tie 
defects of the LPCVD equipment which is processed at high temperature, there has been provided the plasma- 
enhanced chemical vapor deposition (PECVD) equpment The PECVD equipment appies an energy for reaction 

40 acceleration to material gas as wed as heat in order to avoid the high temperature process. The PECVD ustog the 
PECVD equipment is performed at low temperature by cSscharging electricity in a reaction chamber at reduced pres- 
sure (about 10-100Pa) tor the reaction acceleration, thereby discharging plasma and exciting gaseous molecules into 
activation state. The most common plasma CVD is to generate the piastre 

type electrode. Here, a frequency range for generating the plasma rs between 50KHz and 15.56MHz. Since the PECVD 
45 is relatively performed at low tempei atures and has a rapid deposition rate, it is most widely used thereamong. 
[0006] VVhen forming thin fikrtssurjh as o^ 
fflm, and borophosptosiica^ 

used as material gas. Table 1 shows the deposition concStions- material gas, temperature, and pressure- by each CVD 
equipment Table 2 shows the step coverage and derxsrta 
so Table 1. That is, in order to form a conventional oxide fim, material gases among TEOS and O^, TEOS and O^, SihL 
and NgO, or S1H4 and O* are applied regardless of any kind of the CVD equipments. The temperature and pressure 
applied to each CVD equipment are as shown in Table 1. Namery, in case of the LPCVD equpment, the thin fim is 
der^osrted under about 1 .0 ton aft about 430 to 

ton at temperature lower than 450°C Alsa the APCVD equipment pertom 
55 temperature lower than 450*0. 

[0007] In addition, cUschtorosilane {SiH^y and NH3. or S1H4 and NH3 are used for depositing the nitride film Here, 
the LPCVD equipment has the concStions of about 700°C and 0.4 torr, and the PECVD equipment has the rx>nditions 
of temperatures lower than 450°C and pressures tower lhan 3.0 torr. 
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[0009] h order to form the PSQ or BPSQ f8m which is the pianarized film, TEOS, O2 or O3, and PH3 or tetra-rnethyl- 
orthi>pho6phorus fTMOP); and 7EOS. Cfe or Q3, or tetra-methyHxthc^tx™ (TMOB). and PH3 or TMOP are 
appfied to material gases, respectively. In case of the LPCVD equipment the deposition rs performed at 1.0 to 4.0 torr 
at 610 to 700*0. and the PECVD equipment has 1h* conditions of tenperabra 
5 below 3.0 torr. the APCTO equipment has the concfition of tenperatures lower th^ 
the gas fo the bracks 0. may replace 



[labial] 
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gas 


deposition method 






LPCVD 


PECVD 


APCVD 






tempara- 
ture(°C) 


pressure 
(ton) 


tempar-ature 


pressu-re 
(ton) 


temper nature 
CO 


pressure 
(ton) 


oxide Rm 


TEOSAO2 


-700 


-0.3 


5450 


53.5 


5450 


atmos- 
pheric pres- 
sure 


SiHV?^0 


-800 


-1.0 


5450 


53.0 


X 


X 




-430 


-03 


X 


X 


5450 


atmos- . 

phericpres- 

sur-e 


nitride 
fim 


DCS/NH3 


-700 


-0.4 


X 


X 


X 


X 




-TOO — 








X 


X 


BPSQ 


TEOSZO^( 

OayPHafTM 

OPVTMOB 


-610 


-1.0 


5450 


2.3-2.8 


5450 


atmos- 
pheric pree- 
sur-e 


W^Sfy 


SiH«/WF 6 


200-650 


0.2-2 


X 


X 


X 


X 



3S 



[TaWeiJ 







deposition method 






LPCVD 


PECVD 


APCVD 






deposition 
rate (A/min) 


step oov* 
erase (%) 


rate(Amn) 


step gov* 
erag-e(%) 


oepoetoon 
rate(AArin) 


step coverage 
e(%) 


codde f2m 


TEOSO2 


-100 


-90 


3000-8000 


560 


54000 


560 


SOVNgO 


530 


-100 


3000-6000 


560 


X 


X 


SiHiAO* 


-100 


560 


X 


X 


-3000 


560 


nitride f3m 


DCS/NH5 


-30 


-100 


X 


X 


X 


X 




X 


X 


♦3000-6808 


560 


X 


X 


BPSG 


TEOSAO^ 

OaVPHafTM 

OPVTMOB 


-200 


-80 


3000-5000 


-75 


3000-5000 


-80 



[0009] However, when applying the conventional method of forming the thin flm. that is, when using the method of 

fomxngthethtofimaccordmgtotheow 

coverage, as shown in {Tabled). 
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SUMMARY OF THE INVENTION 

WOIO] AcoorcfingJy.it is an object of the present inversion to prcvtte a method 

tor device capable of impromg depc«itfon rate ajid step cove^ 

gas instead of SiH4 or TEOSl 

[0O111 AcMHk^ advantages, c*^ 

which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention wfD become more fuly understood from the detailed descnpton given heretnbetow and 
the acsompanying ctaMHngs which are given by way 
tion. and wherein: 

Figure 1 is a vertical cross-sectional view of a semicoriductor substrate for ilkistrating step coverage. 
DETAILED DESCRIPTION OF THE INVENTION 

[0013] Table. 3 shows the conditions of a method of forming a thin fibn for a semicoriductor device accordrtg to the 
present invention by each process equipment aiid 

film obtained under the ooncftion as shown in labia*). Here, the step coverage was observed as shown in Figure 1 
That is, an insuteting fim 2 is formed w 
mined area erf trie insulating 

of the cavity 3 is A and a thickness of a portion of the fim 4 whkit is torrid 
is B, an equation of the step coverage is A/ Bx 1()0- step coverage (%).T^ 

the step coverage is 1 00%, and higher step coverage is more suitabi e for a htflh-inletf aled semkxxiductor device. 



[Table. 3] 





gas 


deposition method 






LPCVD 


PECVD 


APCVD 






tempera- 
ture pC) 


pressu-re 
(ton) 


temper - 
ature(°C) 


pressu-re 
(ton) 


temper - 
ature (°C) 


pressu-re 
(torr) 


oxide fibn 




| 500-600 


0.1-9 


150-750 


0.1-9 


X 


X 




300-700 


0.1-9 


X 


X 


200-650 


afrnosph - 
eric pres- 
sur-e 


nitride Rm 


SferVNHfc, 


350-800 


0.1-9 


150-750 


0.1-9 


X 


x | 


mtride-CDdde 
fibn 


syvNHg/ 

NzO 


350-800 


0.1-9 


150-750 


0.1-9 


X 


X 


BPSG 


SfeHe/PrV 
Oj/TMOB 


250-800 


0.1-9 


150-750 


0.1-9 


20O650 


awnospn - 

ericpressur 

-e 




syv^MO 

P/TMOB 


250-800 


0.1-9 


150-750 


0.1-9 


200-650 


atmos- 
pheric pres- 
sur-e 


PSQ 


SigHeAD^P 
HaOMOP) 


206-700 


0.1-9 


150-750 


0.1-9 


200-650 


atmos- 
pheric pres- 
sur-e 


WxSiy 


SyvWF 6 


200-650 


0.1-9 


X 


X 


X 


X 
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9 torr. Disaane was flowed into the chamber at 50 to 800sccrn, and tetra-methyiKXltx>phosphorus (TMOP) or phos- 
prrirK>(PH3)ai150to2400^^ 

to 400sccm, thus forming the BPSQ fflrn. The deposition rata of the BPSQfOm obtained^ 

ing to the present inverttjon was 50 to 9000 A/min, showing much inprovement compared to that of the conventional 
BPSQ fim obtained by the concftion applyi ng TEOS, or C^, PH3 or TMOP, and or TMOB, which was 200 
A/mia Ateo, the step coverage of the BPSQ fim according to the present invention was 90% whie the step coverage 
c4 the conventional^^ 
growth rate of the thin fim were improved 

[0026] A PSQ fim was deposited under concftion that temperatures and pressures in the reaction chamber ranged 

between 200 and 700°C and between a 1 and 9 tort, respectively Disflane, and TMOPCPhy and were flowed into 

the reaction chamber at 50 to 800 seem and at 1 5 to 500 seem, respectively Here, more desirable pressure range for 

ctepc*riingthePSGflmaa»r^ 

titrate erf the PSQ fim was 50 to 6000 

[00271 Atongstensiode(VvxSry)«n^ 

deposited at 0.1 to 9 torr and at terrperatures ranged from 200 to 

tungsten siickte fim had lower resistance corrpared to 

higher step coverage than the conventional tungstm 

invention had a big grain size, 

[00281 Second, corxftfon erf a rrcrfhri 

B»291 An oxide (SiC^ fim was formed ur^ 

between 150 and 750°C, pressures were 0.1 to 9 torr, and cfiatane and NjjO were flowed into the chamber at 50 to 

500sccmand1C)Oto5000sccrn, resrjectivery Her e, mc)re o^siraWe pressures are 0-2 to 5.3 torr. The deposition rate of 

the oodde fim was 50 to 9000 AArin which was improved more than that of the conventional oxide fim. 3000 to 8000 

AAt^ and the step coverage wa^ 

[0030] Next.andn^(S%N4)fimwasdeposdedat0J 

dfeiane was flowed mto the reaction 

nwedesiraMe pressures are 0.1 to 

was 50 to 9000 Amw% and the step coverage 

method of torrringfwririridef^ 

[00311 An8rkle^kte(SiChtNy)flm 

berranged between 150 an^ 

[00321 Next a BPSQ Am was deposited under condftmasfoaows. 

[0033] Tenyentftreetnthereac to mt 

9 torr. Disiane was Mowed into the chancer at 70 to 1000sccra 

phtoe(PH3)aM50to3000sccra 

to SOOsccm. thus forming the BPSQ Or* The deposition rate* 

inn tn ma nr«»w ■nation ~™ on™ showing much im pm tcoriyaredto WoltieconventfonaJ 

BPSQ fArn obtained ty the coivfitta 

5000 AArwi. Also, the step coverage of the BPSQ fifoi accorrJng to the present invention was over 90% whie the step 
coverage of the conventional BPSQ fim was about 

[00341 A PSQ Mm was deposited at pressures from 0.1 to 9 torr. Terrperatures in tfte reaction chamber ranged 

between 150 and 700°C, and TMOP or PH3, and were flowed into the reectkxi chamber at 50 to lOOOsccm and at 

15 to SOOsccm, respectively. Here, the deposition rate of ihe PSQ fim accer^ 

A/min and the step coverage was over 90%. 

[00351 Lastly, concftion of a method erf forrring the thto 

[90361 An CDddefSO^fim was deposited at atrnosprterfc pressure at 2M 

into the reaction charrtoer.H^ 

500 and 5000 AM*!, and the step coverage thereof was ever 80%. show^ 

B»371 A BPSQ film was deposited at atmospheric pressure at 200 to 650°C, and cSsflane, TMOP or PH3, TMOB or 

B 2 H $i arxlC^ were respectively ftowedirto 

to the presem mention ranged be 

both irnproved than the conventional BPSQ fim. 

[0038] APSGfamwasderxKrtedatatrrw^ 

flowed into the reaction chamber. Here, the step coverage of the PSQ fftro accorrJng to the present invention was over 
90%, showing much improvement compared to the conventional PSQ film. 
[0039] to accordance with data from Tables 3 a«J 4, the deposition rate art 
to present invention were inproved by applying cfcTaro 
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f8n\ because combination structure of disilane is less stable than silane (S1H4) and is easily diffused at low tempera- 
ti^es, trius having a rapid g^ 

As descri>edajt»vo. the method oil^ 
irvBrtton Is capable of inpro^ 
icalvapwdepositioather^ 
[0041] Attrxxjo^trw preferred err^ 
sifted in the art wil appreciate thai varire 

from the scope and spirit of the invention as recited in the accompanying dains. 
Claims 

1. In a process wherein a semiconductor substrate is put into a reaction charnber 01 a chernicai vapor deposition 
equjpmerrtandthereactkw 

fta is formed on thesernk^^ 
dSsflane as main material gas. 

2. The method of claim 1. wherein the thin «m is one of oxide, nitride, nitride-oxide, b o rophospho sfficate glass 
(BPSQ). phospho silicate glass (PSG). and tungsten siicide finis. 

X The method of daim 2, wherein a method of forming the oxide «m apples a chemical vapor deposition (CVD) 
eowmertappryingcfisaanean^ 

4. T^rnethod of daim 3. wherein the CVD equipment is a tow pressure chemicaJ vapor deposition (LPCVD) equp- 
ment. and temperatures in the reaction charnber range between 500 and 800°C and pressures are 0. 1 to 9 torr. 

5. The method of claim 3. wherein to 

temperatures in tr»e reactkxi criam 150 and 750°C and pressures are 0.1 to 9 torr. 

6. The method of daim 2, wherein a method of forming the oxide f»n appfies the chernicai vapor deposition (CVD) 
equipment applying dfelane and oxygen (0^. 

7. The met»d of claim 6. wherein the CVD equiprrient is the tow pressure chemicaJ vapor deposdion (LPCVD) equip- 
ment and temperatures in the reaction chanta rang* between 300 and 70TC to 9 torr. 

a The metxjd of daim 6. wherein the CVD equipment is an atmospheric pressure chemical vapor deposition 
( APCVD) equipment and temperatures in the reaction charnber range between 200 and 6S0*C and pressure is 
atmospheric pressure, 

a The method of daim 2. wherein a method of forming the nitride fim appfies the chemical vapor deposition (CVD) 
equipment using risiane and ammonia (NH3). 

ia The rriethod of claim 9. wherein trief^ 

ment and temperatures in the reaction charnber range between 350 and 800°C and pressures are 0. 1 to 9 torr. 

11. The method of daim 9, wherein the CVD equipment is the plasma chemicaJ vapor deposition (PCVD) equipment, 
and temperatures in the reaction chamber range between 150 and 750°C and pressures are 0.1 to 9 torr. 

12. The method of claim 2, wherein a method of forming the nitride-oxide fflm appfies the chemical vapor deposition 
(CVD) equipment applying cfeafane, ajnmonta (NH3), and nitrogen oxide (NaO). 

13. The method of daim 12. wherein the CVD equipment is the low pressure chemicaJ vapor deposition (LPCVD) 
equipmerrt. and temperatures in the reaction chamber range between 350 and 800°C and pressures are 0 1 to 9 
torr. 

14* The method of daim 1 2, wherein the CVD equipment rs the plasma chemical vapor o^posrfon (PCVD) equpment 
and temperatures in the reaction chamber range between 150 and 750°C and pressures are 0.1 to 9 torr. 

15. The method of claim 2. wherein a method of forming the BPSQ film applies the <*errical vapor deposition (CVD) 
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«Mpment applying disflane. phosphine (PHJ, oxygen (OJ. and TMOB. or applying disflane. TMOP. O^, and 

■ MOB. 

16, The method of daim 15. wherein the CVD equipment is the low pressure chemfcaJ vapor deposition (LPCVD) 
equipment and terrperatures in the reaction chamber range between 250 and 800°C end pressures are 0.1 to9 
torr. 

17. The method claim 15, wherein the C^e^ 

and temperatures in the reaction chamber range between 150 arid 75TC 

la. The method off daim 15, wherein the CVD equipment is the atmospheric pressure cherracal vapor deposition 
( APCVD) equpment. and temperatures in the reaction chamber range between 200 and 650°C and pressure is 
atmospheric pressure. 

19. The method off daim 2, wherei n a method of forming the PSQ «m appfiee the chenvcal vapor deposition (CVD) 
equpmert using cfsOane, oocv^ 

20. Thejnethcd off daim 19. wherein the CVD equipment is the low pressure chemical vapor deposition (LPCVD) 
equipment and tenperatures in the reaction chanter range behveen 200 and 

ton. 

21. The method of daim 19. wherein the <^ equpmert is to 

and temperatures m the reaction chamber range between 150 and 750°C and pressures are 0.1 to 9 tcrr. 

?I^!!!S? 0d * daim 19 ' where " equpment is the atmocpheric pressure cherncal vapor deposition 

(AP^^equpment and tenperatures in the reaction chamber range between 200 and 650*C and pressure is 



23. The method off claim 2. wherein ame 

(CVD) equpment using cfeflane and tungstenfluoride (WFg). 

24. The method off daim 23, wherein the CVD equipment is the low pressure chemical vapor deposMcn (U>CVD) 
equpment and temperatures in the reaction chante range between 200 and 650^ and pressures are 0.1 to 9 
torr. 
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FIG. 1 
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